Runway Detection and Tracking for Autonomous Landing of a UAV [video] by McCarthy, Tyler
Calhoun: The NPS Institutional Archive
DSpace Repository
CRUSER (Consortium for Robotics and Unmanned Systems Education and Research)Video
2017-04-12
Runway Detection and Tracking for
Autonomous Landing of a UAV [video]
McCarthy, Tyler
http://hdl.handle.net/10945/53368
This publication is a work of the U.S. Government as defined in Title 17, United
States Code, Section 101. Copyright protection is not available for this work in the
United States.
Downloaded from NPS Archive: Calhoun
Runway Detection 
and Tracking for 
Autonomous Landing 
of a UAV 
ENS Tyler McCarthy, USN 
NPS Systems Engineering 
Research Question and Objectives 
• Role of computer vision in autonomous 
research 
• Broader implications for autonomous 
systems 
• Fixed-wing UAV autonomous landing 
• Runway detection and tracking 
• Utilize runway markings and visual cues 
• Integration with aircraft control system 
Assumptions, Scope, Limitations 
• Fixed-wing UAV 
• Uniform runway markings (FAA) 
• Applicable in conditions meeting visual 
landing standards 
• Final approach stage 
 
Precision instrument runway and markings in 
accordance with Federal Aviation 
Administration standards 





• HSV Color Space 
• Hue (color type)  
• Saturation (intensity/purity) 
• Value (brightness) 
• HSV vs. RGB vs. Grayscale 
• More information, more 
accurate 
• Computational efficiency 
• Thresholds 
• Hue: h<0.44 or h>0.7 
• Saturation: 0.0 < s < 0.2 
• Value: v > 0.63 
Figure source: https://www.mathworks.com/help/images/convert-from-hsv-to-rgb-color-space.html 
HSV Thresholding 
Grayscale Threshold HSV Threshold 
Morphological Operations 
• Erosion: Shrink area of binary region 
• Remove clutter, noise, unwanted connections 
• Dilation: Enlarge area of binary region 
• Capture elements obscured by noise or 
missed in threshold 
• Processing uses combinations and 







• Create a mask using processed and 
filtered image 
• Pre-processing for edge detection 
• Median Filter 
• Elimination of noise 
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Pixel of interest: 25 
 
Post processing  
with median filter: 10  
Image Mask 
Image Sharpening 
• Unsharp masking 
• Gaussian blurred image subtracted from 
original image 
• Typically used to reduce blurring in an image 
• Increased edge detection 
Image Sharpening 
Edge Detection 
• Sobel vs. Canny 
• Sobel operator is simple and fast while 
Canny detection is more accurate 
• Sobel Operator 
• 3x3 gradient operator 
• Computationally efficient 
• Capture vertical lines in the image 
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Vertical Sobel Operator 
Edge Detection 
Hough Transform 
• Utilizes parameter space to 
detect lines 
• Describe lines in polar 
coordinates  
• 𝑟𝑟 = 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 𝜃𝜃 + 𝑦𝑦𝑥𝑥𝑦𝑦𝑦𝑦 𝜃𝜃  
• 𝜌𝜌/𝑟𝑟 – distance from origin to 
line 
• 𝜃𝜃 – angle between x-axis and 
line 
• Lines in x-y plane become 
points in 𝜌𝜌 − 𝜃𝜃 plane 
• All lines through a point in x-y 
plane form a sinusoid 𝜌𝜌 − 𝜃𝜃 
plane 
• Intersecting sinusoids 








• Peaks in Hough space may not 
correspond to runway edges 
• Adjust for runway angle and distance 
between end points 
Smoothing 
• Purpose: Eliminate errant frames and 
provide smooth data for aircraft control 
system 
• Movement of the airframe 
• Environment 
• Noise 
• Typical frame rates: 24-30 frames per 
second 
• Control system update rate depends on 
aircraft characteristics and performance 
 
Results 
• Accuracy: 96.2% 
• 114 of 3000 frames incorrectly identified 
• Sources of error: 
• Clutter aligned with runway edge 
• Gap filling in Hough transform 
• Misaligned start/end points 
• Sources of increased processing time: 
• Median filter 
• Image sharpening 
• Edge detection 




• Pose Estimation 
• Estimate roll, pitch, and yaw 
• Integration with control system 
• Use computer vision data in feedback loop 
• Real-time application 
• Update rate 
• Processing speed 
Conclusions 
• Role of computer vision in autonomous 
control 
• HSV thresholding provides more 
information for accurate detection 
• Robust detection and tracking requires 
general solutions 
